Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by the presence of chronic bronchitis that may lead to the development of airways obstruction. 1 The major symptom of chronic bronchitis is a daily cough and mucus production, at least three months a year for two consecutive years. COPD symptoms often do not appear until significant lung damage has occurred, and they usually worsen over time. The most important risk factor for COPD is cigarette smoking. Other risk factors may include air pollution, childhood infections, heredity, advanced age, airway hyperresponsiveness, and occupational exposures. 2 COPD remains a major public health problem. It is projected to rank third-leading cause of death in 2030 worldwide, according to a study published by the World Bank/World Health Organization. 3 Inhalation products containing bronchodilators, steroids, phosphodiesterase-4 (PDE4) inhibitors and combinations thereof are used in the treatment of COPD symptoms. 4 Salbutamol sulphate (SAL) belongs to a class of drugs known as bronchodilators and used in the treatment of asthma and COPD symptoms. 5 Chemically, it is (RS)-4-[2-(tert-Butylamino)-1-hydroxyethyl]-2-(hydroxymethyl)phenol ( Figure 1 ). It is a short-acting β2-adrenergic receptor agonist and highly selective to the receptors in bronchial muscle, resulting in bronchodilation. Beclomethasone dipropionate (BD) is a synthetic gluco-corticoid ( Figure 1 ) with a potent antiinflammatory activity and weak mineralocorticoid activity. 6 The combination of SAL and BD is used for the treatment of obstructive airways disease such as COPD. 7 Spectrophotometric, 8, 9 square wave voltametric, 10 capillary electrophoresis with contactless conductivity detection 11 and RP-HPLC 12, 13 methods are reported in the literature for determination of SAL in pharmaceutical formulation. Several methods are reported for simultaneous determination of components of fixed-dose combination products containing SAL and other drug substance in the form of pulmonary product. [14] [15] [16] The HPLC methods with fluorescent 17 and electrochemical 18, 19 detection and LC-MS/MS method 20 are reported for determination of SAL in biological fluids such as plasma and urine. The HPLC methods are reported for assay of BD in bulk drug in Indian Pharmacopoeia, 21 British Pharmacopoeia 22 and European Pharmacopoeia. 23 The HPTLC, 24 HPLC 24 and UV spectrophotometric 25 methods are reported for determination of BD from combined inhalation products. Chemometric-assisted UV spectrophotometric, 26 UV/Visible spectrophotometric,
27
TLC-spectrodensitometric, 27 isocratic RP-HPLC 28 methods were reported for simultaneous determination of BD and SAL in inhalation preparations. The reported methods are less sensitive for assay and content uniformity testing of inhalation product containing BD and SAL. Therefore, the aim of the present work was to develop rapid and sensitive HPTLC method for simultaneous determination of BD and SAL in inhalation product. The developed HPTLC method was validated and found to be simple, rapid, sensitive and robust. The robustness testing is generally performed using one factor at a time (OFAT) approach, which requires a large number of experiments. The present paper describes the use of experimental design to predict the possible interactions between the factors with the limited number of experiments. Further, the design of experiment (DoE) approach supports the application of quality by design (QbD) to find factors negatively affecting the method. It was successfully applied for assay and content uniformity testing of the pharmaceutical formulation containing BD and SAL.
Materials and Methods

Instrumentation
The HPTLC system (Camag Sonnenmattstr, Mutenz, Switzerland) consisting of a Linomat V semi-automatic spotting device connected to a nitrogen cylinder, a glass twin-trough TLC chamber (20×10 cm), a TLC scanner-IV, a data station with winCATS (V 1.4.7) software and an HPTLC syringe (100 µL capacity; Hamilton Company, NV, USA) was used for thin layer chromatographic studies. 
Chemicals
Chromatographic conditions
Separation was performed on pre-coated silica gel G60 F254 aluminum plates (20×10 cm) with 0.2 mm thickness (E. Merck, Darmstadt, Germany). Samples were spotted on the TLC plate in the form of band leaving 10 mm from the bottom edge using Linomat V semi-automatic spotter and analyzed using following parameters; bandwidth, 4 mm; track distance, 10 mm; migration distance, 40 mm; spraying rate, 150 nL/s; volume of mobile phase, 7.15 mL; temperature, 27±2 
Stock solutions
Accurately weighed SAL (20 mg) and BD (10 mg) were transferred to 10 mL volumetric flask, dissolved and diluted up to the mark with methanol to get the solution containing 2 mg/mL of SAL and 1 mg/mL of BD. Aliquot (1 mL) of stock solution is diluted up to 10 mL with methanol to prepare working standard solution containing 200 µg/mL of SAL and 100 µg/mL of BD.
Calibration curves
Aliquots (1, 2, 3, 4, and 5 μL) of working standard solution (corresponding to 100, 200, 300, 400, 500 ng/spot and 200, 400, 600, 800, 1000 ng/spot for BD and SAL, respectively) were spotted on a TLC plate and analyzed. Calibration curves were prepared by plotting peak area of BD and SAL against their respective concentrations. 
Pharmaceutical
Sample preparation Assay
Twenty capsules were weighed and emptied. The capsule powder equivalent to 100 µg of BD and 200 µg of SAL was transferred to 10 mL volumetric flask. Five milliliters of methanol was added. The capsule shells were rinsed twice with methanol (3 mL), dried and weighed. The solution was sonicated for 15 min, diluted up to the mark with methanol and filtered using 0.45 μm filters (Millipore, Milford, MA, USA) to get the sample solution containing 10 μg/mL of BD and 20 μg/mL of SAL.
Content uniformity
Ten capsules were taken for content uniformity test. Each capsule was weighed and emptied. The content of each capsule was transferred to a series of 10 mL volumetric flasks. The capsule shells were rinsed with methanol (3 mL) and the rinsing solution was transferred to respective volumetric flask. The volume was made up to the mark with methanol. The mixtures were sonicated for 15 min. The resulting solution was filtered using 0.45 mm filters (Millipore, Milford, MA, USA) to get the sample solution containing 10 μg/mL of BD and 20 μg/mL of SAL.
Validation of the proposed method Specificity
The specificity of the method was ascertained by analyzing standard drug and sample solutions. The spot for BD and SAL in sample solution prepared from marketed formulation was confirmed by comparing the absorbance/reflectance spectrum with that of standard BD and SAL. The peak purity of BD and SAL was assessed by correlating the spectra at three different levels, i.e., peak start (S), peak apex (M) and peak end (E) position of the spot.
Linearity
The linearity of BD and SAL was determined in the range of 100-500 ng/spot and 200-1000 ng/spot respectively. Five sets of such solutions were prepared and analyzed by plotting a calibration curve of mean peak area versus concentration. Standard deviation (SD), slope, intercept and correlation coefficient (r) of the calibration curves were calculated to ascertain linearity of the method.
Precision
The precision is measured by the degree of reproducibility and repeatability of analytical method. The precision of analytical method is expressed as a %RSD.
Repeatability of measurement of peak area was carried out by repeated scan of the same spot (300 ng/spot of BD and 600 ng/spot of SAL) seven times without changing the plate position. The % RSD for peak area was calculated. Repeatability of sample application is based on seven-time application of combined standard solution. The % RSD for peak area was computed. Variations of results within day (intra-day precision) and between days (inter-day precision) are called as reproducibility. The intra-day precision (% RSD) was determined by analyzing standard solution of BD and SAL for three times on the same day. The inter-day precision (% RSD) was determined by analyzing standard solution of BD and SAL for three days. The intra-and inter-day variation for determination of BD and SAL were carried out at three different concentration levels 200, 300, 400 ng/spot of BD and 400, 600, 800 ng/spot of SAL.
Accuracy
The accuracy studies were carried out through the recovery experiments at three levels of BD and SAL concentration in sample solution. Each level was determined in triplicate and % recoveries of BD and SAL were calculated. The average recoveries after the analysis were calculated along with SD.
Robustness
Robustness study was carried out using experimental design approach. Plackett-Burman design was applied on eight selected factors namely, (A) change in wavelength, nm (B) change in migration distance, cm (C) change in volume of toluene, mL (D) change in volume of ethyl acetate, mL (E) change in volume of methanol, mL (F) change in saturation time, min (G) change in slit dimension (H) change in band length. Each factor was studied at two levels ( Table 1 ). The selection of factors and their levels were based on observations during method development and own experience. Experiments were designed using Design expert 9 software. Experiment was carried out according to design generated in the software. Standard solution containing BD (100 ng/spot) and SAL (200 ng/spot) was analyzed at each design experiment. The responses (Rf and peak area) were calculated for BD and SAL at each experiment designed. The experiment was repeated three times.
Limit of detection and limit of quantification
The measurement of signal to noise ratio approach was used for determination of LOD and LOQ. Signal to noise ratio of 3:1 and 10:1 were considered acceptable for estimating the detection limit and quantification limit respectively. Determination of the signal to noise ratio was performed by comparing measured signals from samples with known low concentrations of analyte with those of blank sample and the minimum concentration at which the analyte could be reliably detected.
Analysis of marketed formulations
Assay Sample solution (10 µL) was spotted on the TLC plate and analyzed. The experiment was repeated 3 times. The peak areas of the spots were measured. The % content was calculated using straight line equation derived from calibration curves for BD and SAL.
Content Uniformity
Sample solution (10 µL) was spotted from each flask on TLC plate and analyzed. The peak areas of the spots were measured. The concentrations of BD and SAL from sample solutions were determined using linear regression equation.
Statistical comparison
Assay sample solutions were analyzed simultaneously by proposed HPTLC and reported HPLC 28 method. The results of both methods were compared by Student's ttest.
Results
Method development and optimization
To optimize the chromatographic conditions for the separation of BD and SAL, mobile phase composition, the effect of saturation time, and detection wavelength were investigated. Initially, trials for mobile phase optimization were carried out using experimental conditions: stationary phase, pre-coated silica gel G60 F254 aluminium sheets; (Figure 2A ). The chromatographic plate was developed up to 40 mm migration distance. Pre-saturation of TLC chamber with mobile phase for 15 min produced good reproducibility and peak shape. The photometric evaluation was performed at 232 nm. Quantitative determinations of BD and SAL were made by considering the peak areas from chromatograms and regression line equation using optimized conditions.
Method validation Specificity
Comparison of chromatograms of standard solution and sample solution from formulation showed identical Rf values, i.e. 0.38±0.02 for SAL and 0.72±0.02 for BD ( Figure 2) . Comparison of the spectra scanned at peak start (S), middle (M) and end (E) showed a high degree of correlation (above 0.990) (Figure 3 ). This confirmed the purity of the corresponding spots. Furthermore, the spectrum of individual drug was compared to the spectrum of standard BD and SAL. The correlation obtained was 0.9991 for BD and 0.9997 for SAL; this confirmed the identity of spots. The excipients and other components present in the tablet did not interfere in the resolution of BD and SAL.
Linearity
The calibration curves for BD and SAL were found to be linear in the concentration range of 100-500 ng/spot for BD and 200-1000 ng/spot of SAL with correlation coefficients greater than 0.99. The linear regression equations were found to be y = 5.76x+1077.3 for BD and y = 2.38x+444.96 for SAL, where, y -peak area and xconcentration in ng/spot.
Precision
The repeatability (% RSD) of sample application was found to be 1.54 and 1.97 for BD and SAL, respectively. The scanner precision (% RSD) for measurement of peak area was found to be 0.30 and 0.58 for BD and SAL, respectively. The repeatability studies ensured precision of scanner and spotting devices. The % RSD for intra-day precision was found to be 0.12-0.31 and 0.28-0.45 for BD and SAL, respectively ( Table 2 ). The % RSD for interday precision was found to be 0.86-1.75 and 0.81-3.18 for BD and SAL, respectively ( Table 2 ). Accuracy Accuracy of the developed method was calculated by performing recovery studies. Proposed method was employed for estimation of amount of BD and SAL from pre-analyzed sample solutions spiked at three different levels of standard. Results of recovery studies are shown in Table 3 . The % recoveries were found out to be 99.50-101.56 % for BD and 99.54-102.66 % for SAL.
Limit of Detection (LOD) and Limit of Quantification (LOQ)
The LODs and LOQs were found to be 27 ng/spot and 84 ng/spot for BD and 40 ng/spot, 112 ng/spot for SAL, respectively.
Robustness
Plackett-Burman design was utilized in order to test robustness of developed HPTLC method. In the present study, eight factors were tested for twelve experiments. The total 12 experimental plans of PB design and the corresponding responses are summarized in Table 4 . The obtained Pareto charts are presented in Figure 4 . 
Analysis of marketed formulation
The spots at Rf value 0.38 (for BD) and 0.72 (for SAL) was observed in the densitogram of the drug samples extracted from capsule. Amounts of BD and SAL were calculated using linear regression equation derived. The % assay was found to be 98.44 % for BD and 99.98 % for SAL (Table 5 ). Content uniformity testing for ten capsules was found in the range of 94-104 % for BD and 90-99 % for SAL. The acceptable value (AV) was calculated for each of the capsules and was found to be within the acceptable range (LI). The results of statistical comparison between proposed HPTLC method and reported HPLC method 28 are shown in Table 5 . The t calculated values were lower than t tabulated values obtained from Student's distribution table for a risk factor of 5%.
Discussion
Method development and optimization
Various solvent systems composed of toluene, methanol, ethyl acetate, hexane, acetone or mixtures thereof were tried for optimization of mobile phase for HPTLC separation of BD and SAL. Both, BD and SAL, did not separate in the mixture of polar solvents such as methanol, acetone or water. Solvent mixture like ethyl acetate:hexane (5:4 v/v), methanol: toluene (6:3 v/v) showed Rf value less than 0.2 for SAL whereas mobile phases, acetone:ethyl acetate:hexane (8:0.5:1.5), methanol:ethyl acetate:toluene:ammonia (1:1.5:3:1) resulted in Rf value more than 0.85 for BD. Different ratio of methanol, ethyl acetate and toluene were tired and the mixture of methanol:ethyl acetate:toluene (3:1:3) was optimized for better separation of BD and SAL spots with the addition of 0.15 mL of ammonia for improvement of peak shape of both the drugs.
The densitometric scanning at 232 nm, the iso-absorptive point determined from overlain absorbance/reflectance spectra of BD and SAL ( Figure 5 ), resulted in increased sensitivity of the method. The optimization of chamber saturation time at 15 min and migration distance at 40 mm resulted in rapid development of densitogram and quick analysis of samples. Thus, the proposed method allows determination of several samples on a TLC plate at the same time.
Method Validation
The goal of the study was to develop sensitive and rapid chromatographic method for simultaneous determination of BD and SAL in quality control of the pharmaceutical formulation containing BD and SAL. The proposed method was validated according to the ICH guidelines. 29, 30 The identical Rf values and absorbance/reflectance spectra for BD and SAL between standard and sample track proved the specificity of the method. Further, the peak purity analysis confirmed the non-interference of excipients in the analysis of BD and SAL using the proposed method. The high value of correlation coefficient (>0.99) and the SD for intercept value (<2%) of regression line ascertained the linearity of calibration graphs for BD and SAL. The repeatability studies ensured precision of sample application device and densitometric scanner of HPTLC system. The method was found to be precise based on % RSD values for intra-day and interday precision studies. The proposed method showed acceptable % recoveries when used for extraction and subsequent estimation of BD and SAL from inhalation product after spiking with the additional drug. The proposed method was tested for robustness using experimental design approach. The results of robustness testing were evaluated using Pareto Charts. It may be more comfortable viewing the Pareto Chart that has the significant effects selected. The Pareto graphs consist of bars with a length proportional to the absolute value of the estimated effect, divided by the pseudo-standard error defined by Lenth (Lenth's PSE). All main effects and interaction terms are found to be statistically as absolute values of main effects are below the critical t-value which indicates that the small deliberate changes to the method do not affect the results. Thus, it proves the method is robust. The figures of merit such as linearity range, inter-day precision, intra-day precision, recovery, limit of detection and limit of quantitation of the proposed method are compared with those of the reported method 27 (Table 6 ). The proposed method is found to be linear over wider dynamic range, sensitive, accurate and precise as compared to reported method.
Analysis of marketed formulation
Both the drugs have good solubility in methanol; therefore, methanol was selected for the extraction of drugs from the formulation. The formulation powder was sonicated with methanol to ensure complete dissolution of drugs. No interfering peaks were found in the chromatograms of sample solutions. The method was found to be suitable for content uniformity testing. The results of statistical comparison between HPTLC and HPLC methods showed that there was no statistically significant difference between two analytical methods.
Conclusion
The proposed HPTLC method provides precise, accurate and reproducible quantitative analysis for the simultaneous determination of BD and SAL in inhalation product. The method was validated as per the ICH guidelines. The method was found to be linear in the range of 100-500 ng/spot for BD and 200-1000 ng/spot for SAL. The robustness of the proposed methods was studied using DoE and found to be robust to deliberate changes made in experimental conditions. It can be concluded that the developed method is simple, accurate, sensitive and precise. The HPTLC method is also applicable for the content uniformity test of marketed formulation. The method is suitable for routine analysis of BD and SAL in their commercial dosage form.
